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Abstract
RETENTION OF KNOWLEDGE BY NURSES
AFTER AN ONLINE ECG MONITORING COURSE
This thesis is a sub-study of the large study PULSE Trial. Nurses need to have
sufficient knowledge to carry out high quality patient care and to produce good patient
outcome. Preliminary study of the PULSE Trial has shown that nurses’ ECG monitoring
knowledge can improve after taking the online ECG course. This study aims to determine
the retention of knowledge 1-2 years after the course and to identify factors associated
with better knowledge retention. The sample of the study consists of the nurses who
participated in all the three phases of the PULSE Trial. This includes 504 individual
nurses, with average age of 38.5 (SD10.7); 90.3% of them are female; 72.0% are white,
and 76.8% have bachelor’s degree or higher. Retention of knowledge is measured by the
change of score from post-test to follow-up test. The mean of the change is 8.6 (SD15.5)
points, ranging from -39 to 63. There is significant knowledge decay (p<0.0001), but
knowledge at follow-up test is still significantly (p<0.0001) higher than pre-test
knowledge. Independent t-test and one way ANOVA reveals that the contributing factors
to better ECG monitoring knowledge retention include: having received in-service 12lead ECG education, being familiar with the Practice Standards for ECG Monitoring in
Hospital Settings, having reviewed the on-line modules before taking follow-up test,
being in units with protocols for ECG monitoring. To prevent knowledge decay,
individuals are encouraged to review the course. Units and hospitals are suggested to
implement practice protocols coherent to standards, and to provide refresher courses.
Future study will look into influence from unit culture and individual learning patterns.
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Chapter1
PROBLEM STATEMENT

People with cardiovascular disease make up the majority of patients treated in
most acute care hospitals. Cardiovascular disease is a common co-morbid condition in
hospitalized patients. Many of these patients have, or are at high risk for, arrhythmias and
ischemia, and require continuous electrocardiographic (ECG) monitoring. These patients
need to be monitored properly; otherwise, they are at risk for poor outcomes related to
missed or delayed diagnosis. In hospital critical care, cardiac care, and telemetry units,
the nurse is the person most involved with ECG monitoring, which includes the following
tasks: placing ECG monitoring electrodes, determining goals of monitoring, selecting
leads and alarm parameters, watching the monitors, evaluating rhythms and recording,
notifying physicians of significant changes, administering anti-arrhythmic agents, and
evaluating the effectiveness of treatment. Nurses need to have sufficient knowledge to
carry out all these responsibilities to maximize the quality of care and patient outcomes.
The PULSE (Practical Use of the Latest Standards for Electrocardiography) Trial
is a 5-year multisite randomized clinical trial with the purpose to “test the effect of
implementing newly developed practice standards for electrocardiographic (ECG)
monitoring on nurses’ knowledge, quality of care, and patient outcomes” (Funk, PULSE
proposal, 2007, p.33) and to “improve nursing practice related to ECG monitoring in
hospital settings for better detection and diagnosis of cardiac arrhythmias, myocardial
ischemia, and drug-induced prolonged QT syndrome” (Funk, PULSE proposal, 2007,
p.36). The primary intervention is an online interactive ECG monitoring educational
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course developed according to the Practice Standard for ECG Monitoring in Hospital
Settings from the American Heart Association and the American Association of CriticalCare Nurses.
A recent finding from PULSE Trial has shown that nurses’ ECG monitoring
knowledge can improve after the online ECG educational course (Funk et al., 2011).
However, how well this improvement is maintained long-term is unknown. A
preliminary analysis of the PULSE Trial (Funk et al., 2010) has shown that several
demographic factors have a positive impact on the performance on the ECG monitoring
knowledge test, including: older age, male sex, white race, education at a bachelor degree
or higher, longer time working as a nurse, longer time working on a cardiac unit, working
in an intensive care unit (ICU), and having had rhythm interpretation course. But whether
these influencing factors on baseline knowledge continue to have an impact on the
knowledge retention of ECG monitoring remains unknown. Besides that, do hospital or
unit factors play a part in knowledge retention? As staff flow in and out of the unit, do
the nurses retain their knowledge of ECG monitoring? Do new staff members learn
standard ECG monitoring by imitating others and following the custom of the unit? In the
study of Jones and Gordon (2001), nurses were offered flexible ECG monitoring
education, which rapidly changed its healthcare environment, helped to modify the role
of critical care unit nursing and achieve positive patient outcome in 1 year. Besides unit
and hospital influences, nurses may learn in different ways. Are there certain learning
patterns that potentially affect knowledge retention? These questions are to be explored in
later chapters.
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This is a sub-study of the PULSE Trial. The retention of ECG monitoring
knowledge by nurses is the focus of this study. Knowledge retention is measured as the
difference between the nurses’ performance on the test immediately after the course and
the performance on the follow-up test 1-2 years later. The purpose of this study is to
determine whether there is degradation in ECG monitoring knowledge as time passes,
and if there is, what are the characteristics of the change and what are factors related to
retention of ECG monitoring knowledge by nurses, focusing on demographic factors,
individual’s learning habits, and hospital and unit characteristics. The results of this study
may help to generate ideas to enhance retention of ECG monitoring knowledge and to
develop timely re-education programs, to refresh ECG monitoring knowledge, to prevent
knowledge decay, and to maintain improved knowledge, with the goal of better quality of
care and patient outcomes.
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Chapter II
REVIEW OF LITERATURE

Preliminary analysis of the PULSE Trial has shown that the ECG monitoring
education program improves nurses’ knowledge in ECG monitoring (Funk et al., 2011).
Chang and Hsu (2010) reported that multi-media assisted teaching materials on ECG
significantly increase nurses’ ECG knowledge. Not much further information or research
regarding retention of ECG monitoring knowledge by nurses and the related factors is
available. This chapter reviews studies in the broader healthcare field to determine what
is already known about retention of medical knowledge. The reviewed articles are shown
in Table 1. Evidence levels of reviewed articles are rated according to Table 2.

Decay of Knowledge and Skills
The study by Smith, Donaldson, and Pirie (2010) revealed that at 4-6 months after
a blood transfusion course, degradation of knowledge in nursing students appears. In
another study, Semeraro, Signore, and Cerchiari (2006) found that at 6 months,
anesthesiologist’s knowledge decays significantly after an advanced life support (ALS)
course. In a literature review of cardiopulmonary resuscitation (CPR) knowledge and
skill retention by nurses, Hamilton (2005) pointed out that knowledge retention is
different from skill retention. He found that CPR skills decline at a faster rate than CPR
knowledge, and CPR skills decline as early as 2 weeks after training and diminished to
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Table 1
Articles That Address Retention of Medical Knowledge
Reference

Goal of Study

Design

Sample

Intervention

Findings/Conclusion

Level of Evidence

Hamilton
2005 (UK)
(Review of
Literature)

Examine factors that
enhance retention of
arrest.

Literature
review

24 articles

N/A

Literature review

Chang et
al.,
2010
(Taiwan)

Develop multimediaassisted teaching materials
focused on
electrocardiography and to
discuss the resulting
efficacy of
electrocardiography
education relative to the
overall in-service nursing
education curriculum.

Quasiexperimental
design

77 nurses
purposive sampling
in the ICU of Taipei
Hospital

Electrocardiogram (ECG) course via
multimedia-assisted teaching materials.

Skill declines faster than knowledge.
Remedial training must be provided at least every 3–6 months
to prevent deterioration of the skills and knowledge.
Resuscitation training equipment should be made available at
ward/unit level to allow self-study and practice to prevent
deterioration between updates.
Video self-instruction has been shown to improve competence
in resuscitation: help maintain skills and knowledge, although
its efficacy is dependent on the quality of the video used.
Peer tuition (meaning “tutoring”) leads to better CPR
performance, but knowledge remains the same.
Computer-aided learning does not affect skills competency.
Experimental group scored significantly higher on ECG
knowledge after the intervention than the control group.
Experimental group showed significant difference in ECG
knowledge in terms of pre- and post-intervention
measurements.
Conclusion: strategy of multimedia-assisted instruction should
be applied extensively in the nursing staff continuing
education curriculum in order to increase learner interest and
motivation.

Smith el al.,
2010 (UK)

Ascertain student nurses’
knowledge retention of
safe transfusion practice
following standardized
teaching and learning
program.

Posttest one
group design

118 nursing
students

Standardized teaching and learning
program about blood transfusion.
Assessed for level of knowledge
immediately afterwards, at 4-6 months,
and 11-12 month.

There was clear degradation of knowledge during the
study period: at 4-6months and 12 months.
Experience of transfusion practice (which is outside the
course) appeared to have a positive effect on knowledge
retention at 6 months but no appreciable effect at 12 months.

II b

Raman et
al.,
2010
(Canada)

Promote long-term
knowledge storage and
retrieval.

Prospective
interventional
study design

20 gastroenterology
residents:
10 in University of
Calgary and 10 in
University of
Toronto

Nutrition course via dispersed delivery
curriculum vs. mass delivery curriculum.

Long-term nutrition knowledge (3 months) was improved
with dispersed delivery curriculum, as compared with mass
delivery curriculum.

II b

*Short term (1 week) knowledge was also improved as shown
in results, but not in conclusion.

II b
Better if have
compared the
knowledge gain
(score difference
from pre-test to
post-test) between
experimental
group and control
group.

Small sample
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Kerfoot et
al.,
2007

How the educational
process can be tailored to
shift learning into longerterm memory? Whether
spaced education,
consisting of weekly emailed case scenarios and
clinical questions can
improve the retention of
students’ learning.

Randomized
cohort study

VanArsdale
1998

Evaluate different teaching
methods in the
development of skills
necessary to identify
cardiac dysrhythmias.

Posttest-only
multipletreatment
group design

Kroncke et
al.,
2010

Compare acceptance and
effectiveness of a tutored
computer-based practical
course (CPC) with a
traditional biochemical
laboratory experiment in
pre-clinical medical
education.

Quasi
randomized
cohort study

Presents a novel approach
of computer-assisted
learning for nursing
education in
university undergraduate
courses.

Prospective
interventionalcontrolled
study

Aleman et
al.,
2011
(Spain)

156 third-year
medical students

Cohort A: received spaced educational
e-mail each week on the topics of PSA*
screening and PC*.
Cohort B: received spaced educational
e-mail each week on the topics of BPH*
and ED*.
The duration of receiving emails ranging
from 0 to 11 months.
A served as B’s control group on B’
topics, vice versa.
Knowledge retention compared at the
end of the year.

Spaced educational e-mails significantly improved the
composite end-of-year test scores.
The impact of the spaced educational e-mails was
largest for those students who received these e-mails
for 6-11 months, as compared to <6 months.

I

244 registered
nurses
assigned to
emergency
departments,
intensive care units
and telemetry units
of three hospitals in
rural setting over a
2-year period of
time. No
randomized
assignment.

Group 1: scheduled course offered over a
10-week period.
Group 2: scheduled course offered over a
5-week period.
Group 3: scheduled course offered over a
5-day period.
Group 4: self-instructional module prior
to 10-week orientation.

Nurses in 10-week and 5-week programs scored significantly
higher on the posttest than 1-week or self-instruction
programs, and these nurses felt more comfortable with their
knowledge base and beginning dysrhythmia interpretation
skills.
1 week group expressed: "too much too fast with not enough
time to practice.
Nurses who completed the self-instructional module wanted
more time with the clinical specialist or course coordinator to
ask questions and discuss cardiac rhythms.

II b

293 second-year
medical students

Tutored computer-based practical course
vs. laboratory experiment course.

The students evaluated the computer-based practical course
highly significantly better than the laboratory experiment.

II a

Students performing the computer-based practical course
demonstrated statistically significant greater knowledge
retention after 3 months, compared to students who performed
the laboratory experiment.
116 nursing
students that were
taking a course in
medical-surgical
nursing

E-learning method vs. conventional faceto-face lecture.

Competitive e-learning method produced significant higher
cognitive gains in the immediate follow-up test. Nevertheless,
both teaching methods resulted in similar knowledge retention
in the 10-week follow-up test.

Validity and
reliability of the
instrument was
confirmed.
No characteristic
difference between
two groups.
Rigorous methods.

Large sample.
Randomized
study.

II b
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Bloomfield
et al., 2010
(UK)

Test whether nursing
students learn and retain
the theory and skill of hand
washing more effectively
when taught using
computer-assisted learning
compared with
conventional face-to-face
methods.

Two-group
randomized
controlled
design

242 1st- year
nursing students

Beers et al.,
2005

Choose a teaching strategy
that results in better
knowledge retention.

Quasiexperimental
design

Semeraro et
al., 2005
(Italy)

Evaluate the retention of
ALS* knowledge and
performance among
anesthesiologists, who, in
Italy, respond to in hospital
emergencies as team
leaders.

Paired group
study

Interactive, multimedia, self-directed
computer-assisted learning module vs.
being taught by an experienced lecturer
in a clinical skills room.

Knowledge scores increased significantly from baseline in
both groups and no significant differences were detected
between the scores of the two groups.
Knowledge and Skill performance scores were similar in both
groups at the 2-week follow-up with significant differences
emerging at the 8-week follow-up in favor of the intervention
group, however, this finding must be interpreted with caution
in light of sample size and attrition rates. (But in the text, Chisquare reveals that p > 0.05)

II b

46 nursing students:
15 completed the
adult health nursing
course in the fall of
2001 and 31 in the
spring of 2002

Problem-based learning vs. traditional
lecture

Problem-based learning affect the long-term retention of
knowledge of diabetes content:

II b

47 anesthesiologists
(23 consultants and
24 residents)

Re-evaluation ALS performance 6
months after successful completion
of an ERC* ALS course. Comparing the
score with that immediately after the
course.

A total of about
2/3 of the
participants
withdrew during
the 8 month study.

Problem-based learning group were significantly higher on the
endocrine section of the examination (after course) and the
repeat posttest (1 year later).
There is significant decay of ALS skills 6 months post-ALS.
Consultants (equivalent to “fellows”), compared to residents,
retained knowledge information better, and performed tasks
faster.

II b

*PSA, prostate-specific antigen; PC: prostate cancer; BPH, benign prostatic hyperplasia; ED, erectile dysfunction.
*ALS, advanced life support; ERC, European Resuscitation Council

Table 2
Evidence Grading
Class
Class I
Definitely recommended
Class II a
Class II b
Acceptable and useful
Indeterminate
Promising, evidence lacking,
premature
Class III
May be harmful; no benefit
documented

Criteria
Supported by excellent evidence, with at least 1 prospective
randomized controlled trial.
Supported by good to very good evidence; weight of evidence
and expert opinion strongly in favor.
Supported by fair to good evidence; weight of evidence and
expert opinion not strongly in favor.
Preliminary research stage; evidence shows no
harm, but no benefit; evidence insufficient to
support final class decision.
Not acceptable or useful; may be harmful.

Definition
Intervention always acceptable, safe and effective; consider definitive standard
of care.
Interventions acceptable, safe, and useful; considered intervention of choice by
most experts.
Interventions also acceptable, safe, and useful; considered optional or alternative
by most experts.
Treatment of promise, but limited evidence.

Interventions with no evidence of any benefit; often some evidence of harm.
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pre-training levels by 1-2 years. In Hamilton’s review (2005), it says that “Leith (1997)
noted that a sample of intensive care nurses retained knowledge over a 6- and 12-month
period, but were unable to achieve the standard required to pass the practical tests.”
(p.291). Hamilton (2005, p.295) recommended that “remedial CPR training must be
provided at least every 3-6 months to prevent deterioration of the skills and knowledge”.

Factors Associated with Better Retention of Knowledge and Skills
There are multiple studies about medical knowledge retention of nurses, nursing
students, medical students, and other medical professionals. Positive factors associated
with better retention of knowledge and skills were found for different populations and
different disciplines.
Dispersed Delivery Curriculum
Dispersed delivery curriculum is a course delivered over a period of time, as
compared to a traditional course that is delivered all at one time. Dispersed
delivery curriculum has a significant positive effect on knowledge retention,
regardless of the population studied or course content (Kerfoot, DeWolf, Masser,
Church & Federman, 2007; Ramen et al., 2010; VanArdale 1998). The longer the
duration of the course is delivered, the better the retention of knowledge is
(Kerfoot et al., 2007; Ramen et al., 2010; VanArdale 1998). Ramen et al. (2010)
found that if a nutrition course is delivered weekly over 4 weeks, as compared to
mass delivery over half-day, the residents’ retention of knowledge over 3 months
is significantly higher. Kerfoot et al. (2007) used spaced educational emails to
send case studies to medical students, and found that this method significantly
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improved end-of-year test scores. Those who received emails over the greater
range of time (>6 months) got higher scores, as compared to less than 6 months.
An older study (VanArdale, 1998) on a disarrhythmia course for RNs revealed
that the RNs who received the course over 10-week and 5-week periods had
significantly higher scores than those who received the course over 1-week and
those who used self-instructed programs.
Computer-based Practice Course, Computer-aided Learning, and E-learning
These are similar methods to deliver an educational course. It has been found that
when compared to traditional lecture, a computer-based education program results
in better immediate knowledge gains, but the same knowledge retention. But
when compared to a laboratory experiment-based course, a computer-based
course is related to better knowledge retention. In the study of nursing students
studying medical-surgical nursing, Aleman, Gea, and Mondéjar (2011) found that,
compared to face-to-face lecture, competitive e-learning produced higher
cognitive gains in the immediate follow-up test; nevertheless, both teaching
methods resulted in similar knowledge retention in 10-week follow-up test.
Similarly, in another nursing education study, Bloomfield, Roberts and While
(2010) compared an interactive, multimedia, and self-directed computer-assisted
learning module with having an experienced lecturer in a clinical skill room, and
found that computer-based teaching method had superior results in 2 weeks, but
there was a non-statistically significant difference at 8-week follow-up. Finally, as
compared to a laboratory experiment-based course, a tutored computer-base
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practical course demonstrated significantly greater knowledge retention at 3
months (Kroncke, 2010).
Problem-based Learning
Compared to traditional lecture, problem-based learning showed better long-term
(1 year) retention of knowledge (Beers & Bowden, 2005).
Being an Experienced Clinician
Even though advanced life support(ALS) skills decay at 6 months after training,
consultants (equivalent to “fellows” or “attending” in the U.S.), as compared to
residents, retained information better, and performed tasks faster (Semeraro et al.,
2006).
Clinical Practice and Conflicting Information
The study about a blood transfusion course for nursing students, done by Smith et
al. (2010), revealed that actual practice of blood transfusion has a positive
correlation with knowledge retention at 6 months, but has no appreciable effect on
knowledge retention at 12 months. Even though further study is needed to
validate the result due to the small sample size, it raised an interesting point that
practical experience may impede retention of knowledge due to conflicting
information. It raises a concern for the PULSE ECG monitoring education study:
if there is conflicting information in our educational program as opposed to what
the nurse learned on the unit or in school, confusion can impede knowledge
gained and, thus, knowledge retention.
Self-instructed Video
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Self-instructed video may help maintain skills and knowledge, although its
efficacy is dependent on the quality of the video used (Hamilton, 2005).
Voiced-activation Manikin (VAM)
VAM was found to improve retention of CPR skills at 6 months, but “more
research is needed to assess the efficacy of VAMs” (Hamilton, 2005, p.295).
Peer Tuition
Peer tuition here means students are tutored by students. This teaching method
was found to improve CPR performance, but knowledge remained the same after
training. Quality control measures are required when adopting this method of
training. (Hamilton, 2005)

Summary of Literature Review
Although there are numerous studies that address medical knowledge retention,
few are directed toward nurses and their ECG monitoring knowledge. Most of these
studies focus on methods to deliver an educational program, and few address
demographic and learning habits of individuals. Whether favorable factors learned in this
review are applicable to ECG monitoring knowledge is not known, because of the
different nature of the content, the different populations of the studies, the different levels
of evidence, and the different countries and regions in which the study was conducted.
However, these findings certainly give some hints for this study.
There is a common contributing factor for knowledge retention with high
congruence among several studies: the dispersed delivery curriculum method. This study
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plans look into the range of time participants spend on the course, and its effect on
knowledge retention.
One demographic factor related to knowledge retention was found: being an
experienced clinician (Semeraro et al., 2006). Besides that, in their randomized controlled
study, Kerfoot et al. (2007) stratified by demographic factors, and eliminated their
potential influence on knowledge retention, and suggested that demographic factors, such
as age, gender, degree, hospital site, unit site, and prior experience, may have a potential
impact on knowledge retention.

Research Questions
The research questions guiding this study are:
1. Does the nurses’ ECG monitoring knowledge change 1-2 years after
completing the online ECG monitoring course?
2. What are the factors associated with retention of ECG monitoring knowledge
by nurses?

Operational Definitions
ECG monitoring knowledge is measured by the 20-question online ECG
monitoring test, with scores ranging from 0 to 100. Higher scores indicate better
knowledge.
Retention of knowledge is measured by change of scores of the online ECG
monitoring tests, comparing scores on the post-test taken immediately after completing
the modules and scores on the follow-up test taken 1-2 years after completing the course.
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The closer scores (smaller differences) of the 2 sets of tests indicate better knowledge
retention.
The potential influencing factors this study addresses include: demographic
factors, individual’s learning habits, hospital and unit characteristics, and unit culture.
These variables are measured using various forms. Demographic information about the
nurse is obtained from the online demographic form that the nurses complete when they
take the knowledge test. Hospital and unit characteristics, as well as information about
unit culture, are obtained from forms completed by the Site Investigators and Unit
Champions at each study hospital.
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Chapter III
RESEARCH METHODS

Introduction
The purpose of this study is to examine nurses’ retention of knowledge 1-2 years
after an online ECG monitoring educational program, and to explore possible
demographic factors, learning habit factors and hospital and unit characteristics that
contribute to the retention of ECG monitoring knowledge by nurses. This study is a
secondary analysis of the PULSE Trial, which is a 5-year multi-site randomized clinical
trial to test the effect of newly developed practice standards for ECG monitoring on
nurses’ knowledge, quality of care, and patient outcomes.

Setting and Sample
Seventeen hospitals of various sizes and types (community hospitals and
academic medical centers) from the United States, Canada, and China, were selected for
the PULSE Trial. The hospitals were randomized to the experimental or control group.
Two types of units per hospital are included: adult cardiac intensive care units and
adult cardiac step-down/telemetry units. Both medical and surgical cardiac units are
included. Non-cardiac-specific units are also included as long as cardiac patients make
up more than 60% of the patients on these units. No nurses on the specific units are
excluded from participation.
Table 3 shows the participating hospitals and units in the experimental group.
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Table 3
Participating Hospitals and Units in the Experimental Group
Experimental Group
Participating Hospitals
Aultman Hospital, Canton, OH

Participating Units
Cardiac Care Unit
Cardiovascular Surgical ICU
Cardiovascular Surgical Stepdown Unit
Critical Care Float Pool

Baystate Medical Center,
Springfield, MA

CICU (Medical Surgical Combined Critical and Intermediate
care)
Cardiac Surgical Telemetry (Springfield 5)
Medical Telemetry (Daly 5)
Flex RN Team

Eastern Maine Medical Center, Coronary Care Unit & Cardiac Surgery Unit (CCU/CSU)
Bangor, ME
Grant 4 Telemetry Unit
(Withdrew)
Merritt 3 Telemetry Unit
Hospital of the University of
Pennsylvania, Philadelphia,
PA

Cardiac Care Unit
Cardiac Intermediate Care Unit
Cardiothoracic Surgical ICU
Cardiac Surgical Intermediate Care Unit (Silverstein 10)

Seton Medical Center, Austin,
TX

Intensive Care Unit
3rd Floor Cardiology Stepdown Telemetry Unit
Intermediate Care Unit (4 South)

United Hospital, St. Paul, NM
(Nasseff Heart Center)

ICU 3900
ICU 3920
ICU 3940
Progressive Care Unit 3300
Progressive Care Unit 3400
Progressive Care Unit 3500 (open-heart surgery ICU/PCU
combined)
Progressive Care Unit 4400, 4940

University of California, San
Francisco Medical Center, San

Intensive Cardiac Care (ICC) 10 ICU
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Francisco, CA

Telemetry step-down 10 Long CVT

University of North Carolina
Hospitals, Chapel Hill, NC

Cardiac ICU (CICU)
Cardiothoracic ICU (CTICU)
3 Anderson North/ICCU (Cardiac Medicine Telemetry Stepdown Unit)
4 Anderson South/CTSU (Cardiothoracic Step-down Unit)

Hong Kong Sanatorium &
Hospital, Hong Kong, China

ICU

In the following chapters, hospital names appear as the following abbreviations:
Aultman, Aultman Hospital, Canton, OH
Baystate, Baystate Medical Center, Springfield, MA
UPenn, Hospital of the University of Pennsylvania
Seton, Seton Medical Center, Austin, TX
United, United Hospital, St. Paul, NM
UCSF, University of California, San Francisco Medical Center, San Francisco, CA
UNC, University of North Carolina Hospitals, Chapel Hill, NC
HK, HK Sanatorium & Hospital, Hong Kong, China

The PULSE Trial study has 3 phases. In phase 1, baseline data were obtained
from the 17 hospitals. Hospitals were then randomly assigned to the experimental or
control group. In phase 2, nurses in the nine experimental group hospitals received the
online ECG monitoring education, and took both the pre-course test and post-course test,
but one hospital (Eastern Maine Medical Center) dropped out shortly after the education
intervention began. In phase 3, 1-2 years after phase 2, nurses in the remaining eight
hospitals in the experimental group took the follow-up ECG monitoring knowledge test,
while nurses in the other eight hospitals in the control group received the online ECG
education.
There were a total of 3078 unique nurses who participated in the PULSE Trial, of
these, 504 nurses in the experimental group hospitals participated in phases 2 and 3. They
make the sample for this sub-study.
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Data Collection Instruments
The data collection instruments include the online demographic form, the hospital
characteristics form, the unit characteristics form, the online test of ECG monitoring
knowledge test, and the access and timing records from the online course.
The Individual Demographic Form (Appendix A)
The form was developed by the PULSE Trial investigators. The form is accessible
on the website via a unique user name and password by each individual
participating nurse. It is consist of 14 questions asking about age, gender,
ethnicity, level of education, role at work, type of unit work in and so on.
The Hospital Characteristics Form and Unit Characteristics Form (Appendix
B and C)
These forms were also developed by the PULSE Trial investigators. They are
completed by the Site Investigators and Unit Champions at each hospital. Hospital
characteristics include number of beds, location, affiliation (community vs.
academic), and Magnet designation. The unit characteristics form includes such
information as number of beds, types of units, and use of monitor watchers.
Online Test of ECG Monitoring Knowledge
The test is accessible on the website once the individual participant has completed
the demographic form and the four learning modules. The test was developed by
M. Funk, B. Drew, and K. Scheibly. Test content includes essentials of ECG
monitoring, and arrhythmia, ischemia and QT interval monitoring. Several experts
in ECG monitoring confirmed content validity. A pilot test of 25 questions was
previously conducted among 124 nurses from six sites in Connecticut and
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California to test the questions. Five questions were eliminated based on item
analysis, leaving 20 multiple choice and simulation questions in the actual test.
The same online test is taken at phase 1, 2, and 3. Total scores can range from 0100. Higher scores indicate greater knowledge.
The Access and Timing Records of the Online Course
The PULSE system stores data of each individual’s access to the learning module,
such as total amount of time logging in, number of times logging in, and the time
span from first to last access. This information is used to measure individual
learning characteristics.

Data Collection Procedure
The PULSE Trial gained approval from the Institutional Review Board (IRB) of
Yale and the 17 participating hospitals for protection of human subjects. Because this
sub-study does not involve additional data collection, it does not need further approval by
the IRB.
Each participating nurse was assigned a unique user name and password to assure
confidentiality.
Data collection procedures are shown as follows in chronological order:
Explanation of the purpose of data collection
Informed content obtained online from the nurses
Completion of the demographic data form
Pretest
Online ECG monitoring educational program, including 4 modules:
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a.

Essentials of ECG Monitoring

b.

Arrhythmia Monitoring

c.

Ischemia Monitoring

d.

QT Interval Monitoring

Post-test immediately after completing all the modules of the ECG
monitoring program. Online knowledge data was obtained from August 2009 to
July 2010.
About 1-2 years later after taking the course, nurses re-took the same test
to assess knowledge retention. Online retention of knowledge data was obtained
from June 2011 to February 2012.

Data Analysis
Data were downloaded into SAS (Version 9.1) and examined for inconsistencies
and corrected. Demographic, learning characteristics and the two sets of knowledge
scores are described using measures of central tendency and dispersion. In addition,
characteristics of the hospitals and the units are also described.
Independent variables (IVs) are:
1. Demographic characteristics: such as age, gender, and education level.
2. Hospital and unit characteristics: such as type of hospital (academic
medical center or community hospital), size of hospital (number of beds), type
of unit (critical care or telemetry), and presence of monitor watchers.
3. Learning characteristics: such as total amount of time spent on modules,
span of time from beginning of modules to completion of module in phase 2,
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and span of time from post-test in phase 2 to follow-up test in phase 3,
whether the nurse has reviewed the module before taking the follow-up test in
phase 3.
The dependent variable (DV) is the difference in test scores from post-test in
phase 2 to follow-up test in phase 3.
Bivariate analysis was applied. Paired t-test was used to determine whether the
test scores are statistically different after 1-2 years. Independent t-test and one-way
ANOVA was used to reveal whether a certain categorical IVs is associated with the DV.
Pearson’s correlation was applied to reveal potential relationships between continuous IV
and DV.
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Chapter IV
RESULTS

This study is a secondary analysis of a large study – the PULSE Trial. This substudy focuses on nurses’ retention of knowledge in the experimental group. It looks at the
change of nurse’s knowledge 1- 2 years after they finished the on-line ECG course from
their knowledge immediately after the course. It also addresses demographic factors and
hospital and unit characteristics related to retention of knowledge.
This chapter begins with a description of the sample, including number of
participants, age, gender, ethnicity, education level, hospital affiliation, Magnet
designated status, type of unit, and Beacon designation status. Following are the findings
related to the two research questions, change of knowledge over time, and factors that are
associated with better knowledge retention. This chapter concludes with a summary of
the findings.

Description of Sample
The experimental group consists of nurses from 8 randomly chosen hospitals and
their cardiac intensive care or step down units. There are 1317 individual nurses in the
experimental group but not all of them took the three tests in phase 2 and 3. Some of
them joined study later and some of them left the study before it finished. In this study,
only those nurses who were able to take the three tests: the pre-test, post-test, and the
follow-up test were included. The demographic characteristics of the participating nurses
are displayed in Table 4. Their average age is 38.51 years; most of them are female
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(90.26%). The major ethnic group is white (72.02%), followed by Asian (18.85%), and
then black (5.36%). Almost two thirds (65.81%) of them have a bachelor’s degree and
23.26% of them have either an associate degree or diploma.
More than half (59.13%) of them are from academic medical centers. And the
majority (79.17%) of them are from Magnet-designated hospitals and close to half of
them (44.14) are from Beacon-designated units. The hospital and unit characteristics
considered in this study are listed in Table 5.
Table 4
Demographic Characteristics of Nurses
Continuous Variable
N=504
Mean ±SD
Median

Range

Skewness

Age ( in years)

20.00 -71.00

0.3296

38.51 ±10.72

37.00

Categorical Variables
Demographic Characteristics

N (%)

Gender
Female

454 (90.26%)

Male

49 (9.74%)

Asian

95 (18.85%)

African American (Non-Hispanic)

27 (5.36%)

White (Non-Hispanic)

363 (72.02%)

Others

19 (3.77%)

Race

Education
Associate

72 (14.31%)

Diploma

45 (8.95%)

Bachelor

331 (65.81%)

Master

51 (10.14%)

Doctoral

2 (0.4%)

None of above

2 (0.4%)
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Table 5
Hospital and Unit Characteristics
Hospital or Unit Characteristics

N (%)

Hospital Affiliation (N=504)
Academic

298 (59.13%)

Community

206 (40.87%)

Hospital Magnet Designation(N=504)
Yes

399 (79.17%)

No

105 (20.83%)

Type of Unit (N=503)
Cardiac Medicine

196 (38.97%)

Cardiac Surgery

86 (17.10%)

Combined

221 (43.94%)

Unit Beacon Designation (N=503)
Yes

222 (44.14%)

No

281 (55.86%)

Research Question 1: Does the nurses’ ECG monitoring knowledge
change 1-2 years after completing the online ECG monitoring course?
Nurses’ ECG monitoring knowledge is measured by test scores which are based
on a 100-point scale. After the online course, nurses’ knowledge significantly improved
by 19.38 (SD14.04) points on average, as was found in a previous analysis (Funk et al.,
2011). Nurse’s knowledge after 1-2 years, decreased by 8.60 (SD 15.49) points on
average, however, is still significantly higher than at the pre-test by 10.78 (SD14.34)
points. Table 7 and 8 show more detailed information.
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Table 6
Knowledge Test Score on Pre-test, Post–test, and Follow-up Test
Mean ± SD

Minimum Maximum

Median

Skewness

Pre-test

51.10 ± 13.39

15.00

93.00

48.00

0.3376

Post-test

70.48 ± 15.20

30.00

100.00

72.00

-0.3586

Follow-up test

61.87 ± 15.98

21.00

100.00

63.00

0.0728

Maximum

Median

Skewness

t-test

19.38 ± 14.04 -33.00

60.00

18.00

0.05715

p<0.0001

Post-test –
Follow-up test

8.60 ± 15.49

-39.00

63.00

9.00

0.0437

p<0.0001

Follow-up test –
Pre-test

10.78± 14.34

-30.00

63.00

9.00

0.3469

p<0.0001

Table 7
Change of Knowledge Scores between Tests
Mean ± SD
Post- test –

Minimum

Pre-test

Research Question 2: What are the factors associated with retention of
ECG monitoring knowledge by nurses?
Knowledge retention is measured by the differences in scores between post-test
and follow-up test and is the dependent variable. Those demographic, hospital and unit
characteristics that are more likely contribute to knowledge retention were selected for
analysis. Independent t-test, one way ANOVA or Pearson’s correlation was applied to
determine significant relationship between specific characteristics and knowledge
retention. Results are displayed in Tables 8, 9 and 10.
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Table 8
Association of Demographic Variables with Knowledge Retention
Demographic Characteristics

Difference of score
between post-test
and follow-up test

T-test or one-way
ANOVA
(P value)

(Mean ± SD)
Pearson’s correlation
r=0.04498, p=0.3136

Age
8.59±15.48
Gender
Female (N=454)

8.35±15.55

Male (N=49)

10.96 ±14.89

p=0.2632

Race
Asian (N=95)

5.874

African American (Non-Hispanic) (N=27)

14.89

White (Non-Hispanic)(N=363)

8.71

Others (N=19)

10.90

Asian-Black

Dif btw means:-9.02

p=0.0491 (Tukey’s)

Education
Associate (N=72)

9.08

Diploma (N=45)

6.67

Bachelor (N=331)

8.93

Master (N=51)

8.47

Doctoral (N=2)

0.00

None of above (N=2)

-12.0

p=0.4067 (Tukey’s)

In-service ECG rhythm interpretation
education
Yes (N=454)

10.08±18.69

No (N=50)

8.42±15.11

p= 0.5472
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In-service 12-Lead ECG education
Yes (N= 318)

10.5±16.28

No (N=186)

7.47±14.91

p = 0.0338

In-service ACLS education
Yes (N=366)

7.35±16.78

No (N=138)

9.05±14.96

p=0.2702

In-service critical care course
Yes (N=287)

9.01±15.46

No (N=217)

8.26±15.52

p=0.5913

In-service telemetry course
Yes (N=310)

8.72±15.48

No (N=194)

8.50±15.51

p=0.8777

Self consideration of expertise in ECG
monitoring
Beginner, need to ask others for help (N=45)

7.13

Average knowledge (N=239)

8.61

Above average knowledge (N=168)

10.13

Clinical expert and resource person (N=52)

4.77

p=0.1557 (Tukey’s)

Familiar with the Practice Standards for
ECG Monitoring in Hospital Settings
Yes (N=326)

7.51±15.20

No (N=178)

10.56±15.84

p=0.0343

Review module before the follow-up test
Yes (N=204)

4.06 ±14.84

No or N/A (N=300)

11.66 ± 15.18

Dif btw means, difference between means

p<0.0001
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Table 9
Association of Hospital Variables with Knowledge Retention
Hospital Characteristics

Difference of score
between post-test
and follow-up test

T-test or one-way
ANOVA
(P value)

(Mean ± SD)
Hospital affiliation
Academic (N=298)

10.60±16.21

Community (N=206)

5.67± 13.89

p=0.0003

Magnet designation
Yes (N=399)

8.74±15.37

No (N=105)

8.01±15.99

p=0.6678

Recent major hospital review
Yes (N=460)

8.75± 15.71

No (N=40)

6.89±12.97

p=0.4462

Individual hospitals
Aultman (N=76)

5.50

Baystate (N=58)

4.56

UPenn (N=120)

10.43

Seton (N=44)

6.89

United (N=55)

10.80

UCSF (N=74)

13.35

UNC (N=46)

14.28

HK (N=31)

-4.74

HK-Aultman

Dif btw means:-10.24

HK-UPenn

Dif btw means:-15.17

HK-Seton

Dif btw means:-11.63

p<0.0001 (Tukey’s)
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HK-United

Dif btw means:-15.54

HK-UCSF

Dif btw means:-18.09

HK-UNC

Dif btw means:-19.02

Baystate-UCSF

Dif btw means:-8.80

Baystate-UNC

Dif btw means:-9.73

Aultman-UCSF

Dif btw means:-7.85

Aultman-UNC

Dif btw means:-8.78

Please refer to hospital abbreviations in Table 3.
Dif btw means, difference between means

Table 10
Association of Unit Variables with Knowledge Retention
Unit Characteristics as Independent Variables

Difference of score
between post-test
and follow-up test

T-test or one-way
ANOVA
(P value)

(Mean ± SD)
Type of Unit
Cardiac Medicine (N=196)

7.14

Cardiac Surgery (N=85)

13.40

Combine of above (N=221)

8.00

Cardiac Medicine-Cardiac Surgery

Dif btw means:-6.26

Combined-Cardiac Surgery

Dif btw means:-5.40

p=0.0056 (Tukey’s)

Unit acuity
ICU/critical care (N=140)

13.76

SD/telemetry/intermediate/progressive care

8.23

(N=248)
Combined (N=44)

0.21

Universal (N=71)

4.83

p<0.0001 (Tukey’s)

29
Short stay (N=0)
Combined-ICU

Dif btw means:13.56

Combined-SD

Dif btw means:-8.02

Universal-ICU

Dif btw means:-8.93

SD-ICU

Dif btw means:-5.54

Beacon designation
Yes (N=222)

9.21± 16.04

No (N=281)

8.10±15.07

p=0.4252

Monitor watcher is used
Yes, on unit or off unit/remote (N=139)

8.52±15.96

No (N=363)

8.76±14.23

p=0.8751

Nurse can print out rhythm strip
Yes (N=439)

8.96± 15.06

No (N=64)

6.05±18.17

p=0.1608

Unit has protocol for ECG monitoring
Yes (N=425)

7.47±15.23

No (N=78)

14.69±15.63

p=0.0001

Unit has protocol for Ischemia monitoring
Yes (N=309)

7.84±14.62

No (N=194)

9.77±16.78

p=0.1878

Unit has protocol for QTc monitoring
Yes (N=182)

6.47±14.00

No (N=321)

9.79±16.19

p=0.0165

Receive annual ECG monitoring training
Yes (N=165)

9.42±15.13

p=0.4010
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No (N=338)

8.18±15.68

Where the education and test taken
Work (N=32)

15.28±16.71

At work and/or outside work (471)

8.13±15.33

p=0.0114

Mandatory to do the education and test?
Yes (N=169)

6.71±16.43

No (N=334)

9.54±14.94

p=0.0534

If mandatory, are paid?
Yes (N=138)

9.28±15.96

No (N=31)

-4.74±13.52

p<0.0001

Dif btw means, difference between means

Ten DVs were identified to have a significant association with better knowledge
retention, as listed below.
1. Asian race compared to Black race
2. Attendance at a hospital-based in-service education on 12-lead ECGs
3. Familiarity with the Practice Standards for ECG Monitoring in Hospital Setting
4. Having reviewed the modules before taking the follow-up test
5. Working in community hospitals rather than those in academic medical centers.
6. Some individual hospitals compared to other hospitals.
a. Hong Kong > Aultman, UPenn, Seton, United, UCSF, UNC
b. Baystate > UCSF, UNC
c. Aultman > UCSF, UNC
7. Some types of units compared to other types:
a. Cardiac medicine > cardiac surgery
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b. Combined medical and surgical > cardiac surgery
8. Type of unit based on acuity level:
a. Stepdown> ICU
b. Universal > ICU
c. Combined > ICU
d. Combined >Stepdown
9. Having a protocol for ECG monitoring
10. Having a protocol for QTc monitoring

Summary of Results
The purpose of this study is to determine whether there is change in knowledge 12 years after the educational course, and to find out what factors are associated with
better knowledge retention.
In this study, nurses ECG knowledge decreased significantly (p<0.0001) from
post-test (70.48, SD15.20) to follow-up tests (61.87, SD15.98), but is still significantly
(p<0.0001) better than baseline knowledge (51.10, SD13.39).
Age, gender, education level, and perception of being an expert in ECG
monitoring are not associated with better knowledge retention; but being Asian, rather
than Black is associated with better knowledge retention. Being familiar with the ECG
monitoring practice standard or having reviewed the educational course before the
follow-up tests is associated with better knowledge retention. Having taken an in-service
12-lead ECG course is also a statistical significant factor, however having taken an in-
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service ECG rhythm interpretation course, ACLS, critical care course or telemetry course
are not.
In terms of organizational factors, nurses in some hospitals have better knowledge
retention when compared to nurses in other hospitals. Nurses in community hospitals
retain ECG monitoring knowledge better than nurses in academic hospitals. However,
being a Magnet designated hospital or having recent large hospital review is not
associated with better knowledge retention.
In terms of unit influence, nurses in cardiac surgery units do not retain knowledge
as well as nurses in cardiac medicine or combined units; nurses in universal, combined,
or stepdown units have better knowledge retention than those in intensive care units.
Having a protocol for ECG monitoring and a protocol for QTc monitoring contributes to
better retention, but having protocols for ischemic monitoring or annual ECG training
does not. Being a Beacon-designated unit, having monitor watcher , or having the rhythm
strip available to print out are not associated with better retention of ECG monitoring
knowledge.
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Chapter V
DISCUSSION

Introduction
This study is a secondary analysis of a large study – the PULSE Trial – which is
examining changes in nurses’ knowledge, quality of care, and patient outcomes after
implementing an online ECG monitoring education program, involving an experimental
group and a control group. This study focuses on nurses’ knowledge retention in the
experimental group. In order to filter out extraneous factors, only those nurses who took
all the three tests (pre-test, post-test, and follow-up test) in the experimental group are
taken into the sample.

Sample Characteristics
This sample includes a partial population of the experimental group of the PULSE
Trial. The nurses in the sample entered into the study in year 2009 or 2010. The
demographic characteristics of this sample are basically similar to the whole
experimental group. Please refer to Table 11.
The study sample is compared to recent national databases of RNs. These include
the 2008 National Sample Survey of Registered Nurses carried by U.S. Department of
Health and Human Services Health Resources and Services Administration (HRSA), and
the 2009 database from Department of Health and Human Services from Office of
Minority Health. Please refer to Table 11 for the comparison.
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Table 11
Sample RN Characteristics Compared to National RN Characteristics
Statistics of Statistics of
Statistics of
the RNs
the RNs
the RNs
involved in involved in
from the
this subPULSE
2008
study
study
HRSA
experimental Sample
group
Survey

Statistics of
the RNs
according
to the Office
of Minority
Health 2009
Minority

Total

504

1317

3,063,163

2,909,357

Mean Age (years)

38.5

38.2

47.0 for total
45.5 for
employed

Gender
Female

90.3%

88.9%

94.2%

Male

9.7%

11.1%

5.8%

African American

5.4%

4.6%

5.4%

4.2%

American Indians or
Alaska Native

0.2%

0.4%

0.8%

0.3%

Asian, Hawaian, or
Pacific Islander

19.1%

14.8%

4.5%

3.1%

Hispanic

1.4%

1.8%

3.6%

1.7%

White

72.0%

76.4%

83.2%

89.3%

Two or more races

2.0%

2.0%

1.7%

1.4%

Associate or diploma

23.3%

22.8%

50.0%

Bachelor

65.8%

66.4%

36.8%

Master or above

10.9%

9.9%

13.2%

Race / Ethnicity

Education

In this study, the sample has a mean age of 38.5 years, vs. the national average of
45.5 years for working RNs, and 47.0 for the whole RN population. The sample is about
7 years younger than the national average. The proportion of RNs (9.7%) is higher than
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the national average (5.8%). In terms of race and ethnicity, the percent of Asian nurses in
this study is higher compared to national figures: 19.1% in this sub-study, 14.8% in the
PULSE Trial experimental group vs. 3.1%-4.5% nationally. The proportion of white
nurses is smaller (72.0% in this sub-study, 76.4% in the PULSE Trial experimental
group) than the national average (83.2%-89.3%). The significant difference in racial
diversity is very likely attributed to the involvement of the Hong Kong Sanatorium and
Hospital, and the white proportion appears relatively smaller, while the proportion in
other minority groups is similar to national averages.
The educational attainment in this sample is significantly higher than the national
average. Near one fourth (23.3%) of the sample has an associate or diploma degree,
compared to 50.0% nationally. Almost two thirds (65.8%) of the sample has a bachelor’s
degree, compared to 36.8% nationally.
Other major contributors to the deviations in other demographic characteristics
may include:
1. The national trend of the RN population is toward greater diversity in gender
and in race, and also attaining a higher educational level, according to the findings in the
2008 National Sample Survey of Registered Nurses reported by Robert Wood Johnson
Foundation (2010).
2. More than half of sample work in academic medical centers, Magnetdesignated hospitals, and Beacon-designated units.
3. RNs that are younger and have higher education level may be more interested
in participating in research.
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4. A significant portion of the sample work in ICUs, where a higher degree of
education is frequently required.

Research Question 1: Does the nurses’ ECG monitoring knowledge
change 1-2 years after completing the online ECG monitoring course?
Nurses’ knowledge significantly decreases 1-2 years after the on-line ECG
monitoring class, but is still significantly higher than before taking the course. Nurses can
still benefit from the on-line course after a couple of years. Therefore, the on-line ECG
monitoring learning module has significant positive educational meaning. As the
literature review in the previous section revealed, interactive online courses produce
better outcomes when compared to traditional courses and laboratory-based courses.
The significant degradation in knowledge is not surprising, and is actually
expected. Knowledge retention after an interactive online course is better, compared to a
laboratory-based course, but the same compared to a traditional course.
The knowledge of the nurses in Hong Kong Sanatorium Hospital did not degrade,
but instead increased by about 4.7 points in follow-up tests. This is a unique
phenomenon, which does not appear in any other subgroup in this study nor was it
reported in previous studies reviewed. It may be related to the local hospital and nurses’
serious attitude and high attention towards the study. The concrete mechanism leading to
the improvement in knowledge requires exploration.
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Research Question 2: What are the factors associated with retention of
ECG monitoring knowledge by nurses?
1. Demographic characteristics
There are four demographic factors identified to be associated with better
retention of ECG monitoring knowledge in nurses: Asian race, having had 12-lead ECG
course, being familiar with the ECG monitoring practice standards, and having reviewed
the online modules before taking the follow-up test.
A preliminary analysis of the PULSE Trial (Funk et al., 2010) revealed eight
demographic predictors for better test scores on the baseline ECG monitoring course,
including: older age, male sex, white race, education at a bachelor degree or higher,
longer time working as a nurse, longer time working on a cardiac unit, working in an
intensive care unit (ICU), having had rhythm interpretation course. Although the
association of some of these factors with knowledge retention was not evaluated, others
were not related to knowledge retention. The demographic factors that are associated
with better baseline knowledge are basically different from the factors that are associated
with ECG monitoring knowledge retention.
As discussed before, the significant association of Asian race with better retention
of knowledge may be attributed to the involvement of Hong Kong Sanatorium and
Hospital. Hong Kong Sanatorium and Hospital is the only hospital that had higher
follow-up test scores than post-test scores; all the nurses working there were Asian.
Therefore, the association of Asian race and better knowledge retention may be not be
universally valid due to the unique high follow-up test performance in this hospital.
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Having taken an in-service 12-lead ECG course, is associated with better
knowledge retention (p=0.0338), but taking other in-service courses, such as ECG rhythm
interpretation, a telemetry course, ACLS, or a critical care course, is not associated with
knowledge retention. Maybe it is because the content in the 12-lead ECG course is more
relevant and similar to the on-line ECG monitoring course that this study offers, or
coherent with the Practice Standards for ECG Monitoring in Hospital Settings, while the
rhythm interpretation, telemetry, and other courses have different focuses.
Being familiar with the practice standards for ECG monitoring means the nurses
have better knowledge of ECG monitoring, so it is logical that they might have better
knowledge retention. This result is similar to the findings of Semerato et al. (2006), that
experienced clinicians have better knowledge retention.
Having reviewed the modules is listed as a demographic characteristic and it is
also a learning characteristic. It has a significant influence on knowledge retention
(p<0.0001). In the review of previous research for this study, it was found that dispersed
delivered courses vs. one time delivered courses lead to better knowledge retention.
Reviewing the module should have helped the nurse to recall some of the forgotten
knowledge. So it is logical that this results in better follow-up test scores. But even with
reviewing the material, the mean follow-up test scores are still lower than the mean posttest score by 4 points. Maybe the nurses quickly reviewed the modules, without attending
to every detail. If they had a chance to re-learn, not simply to review, the modules with
the same amount of time and effort as they did for the first time, the follow-up test scores
would be higher than the post test. This is similar as taking a refresher course. Maybe
learning the module conscientiously for the second time was what the nurses in Hong
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Kong Sanatorium and Hospital did, and thus they were able to achieve higher test scores
at follow-up test.

2. Hospital Characteristics
Working in a community hospital is associated with better knowledge retention.
Nurses in community hospitals, as compared to nurses in academic medical centers have
better knowledge retention (p=0.0003). This may be because community hospitals often
have a relatively closed and stable professional environment, with a more stable and
smaller staff, so the protocols and standards of practice are easier to establish and
implement, and, therefore, enhance adherence of what is learned.
Nurses in some hospitals have better knowledge retention as compared to nurses
from the other hospitals. Culture and policy influences can contribute to the difference in
knowledge retention. As discussed earlier, some of the characteristics of Hong Kong
Sanatorium and Hospital could be nurses’ serious attitude and attention to this study, and
the possibility that they reviewed the module very conscientiously.

3. Unit Characteristics
Nurses in units that have protocols for ECG monitoring or for QTc monitoring
have better retention of ECG monitoring knowledge. Having a standardized protocol in
the unit can help make the knowledge of nurses working in the unit more consistent, and
thus consolidate the knowledge.
Even though being in a Magnet designated hospital or Beacon designated unit
means nursing excellence, it does not affect knowledge retention in this study, as these
status have little to do with consolidating knowledge.
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In terms of unit influence, nurses in cardiac surgery units do not retain knowledge
as well as nurses in cardiac medicine or combined units. The reason behind this is
unclear. Nurses in universal, combined, or stepdown units have better knowledge
retention than those in intensive care units. It may be interpreted as working in critical
care settings has a negative effect on ECG knowledge monitoring retention. In both
intensive care or cardiac surgical units, the working pace may be faster than in other
types of units; patient situations change dramatically and more chaotic events are ongoing. But whether that contributes to worse knowledge retention is not clear.
It is surprising that receiving annual ECG monitoring training does not have an
impact on knowledge retention. The reason of this is unclear. The literature review
revealed that conflicting information from different sources may impede knowledge
retention as it confuses nurses.

4. Others
Besides the previously discussed factors related to better knowledge retention,
there are two other factors statistically associated with knowledge retention: “taking the
educational course exclusively at work” and “if the education was mandatory, nurses
were not paid”. “Taking the educational course exclusively at work” has a negative
association with knowledge retention. However, there is only one unit (the Cardiac
Surgical Intermediate Care Unit of Hospital of the University of Pennsylvania) “taking
the educational course exclusively at work”. There is only one unit, the ICU at Hong
Kong Sanatorium and Hospital, for whom the education was “mandatory but the nurses
were not paid.”Knowledge retention in that unit was significantly better than in other
units.
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It may be more appropriate to say that these units, as compared to all the other
units, have something unique in their culture that prevents or enhances their knowledge
retention, instead of attributing these differences to certain unit or hospital characteristics.

Limitations
The demographic characteristics of the sample in this study are similar to the
whole experimental group of the PULSE Trial. However, the demographic characteristics
of the sample in this study have some deviations from the national nurse population: they
are younger, there are more males, more Asians, and they have a higher level of
education.
The three forms (demographic, hospital and unit characteristics) were filled in
twice (at pre-test and followed-up test), in between, some characteristics of the nurses
may change (e.g., they might transfer from cardiac medicine to cardiac surgery, but they
are categorized as cardiac medicine nurses.).
Depending on the unit or hospital, it is not always mandatory to take the online
education. Nurses that voluntarily did the education may be more motivated, and
therefore may have better knowledge retention as compared to the larger general
population of nurses.
This study intended to investigate learning characteristics and unit culture
influence on knowledge retention, along with other factors. For variety of reasons, it is
not feasible to look into these factors at this point.
The follow-up test was taken 1-2 years after the online ECG course. Knowledge
retention can be different from 1 year later to 2 years later, as there may be more
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knowledge decay after 2 years. However, having participants take the follow up test at
the exact same time after the post test is challenging.

Conclusions
The online ECG monitoring course leads to knowledge gain after the course and
even 1-2 years later. Better knowledge gain has nothing to do with better knowledge
retention. It is expected that there is knowledge decay of nurses 1-2 years after the
course. However, knowledge decay can be minimized and can even be reversed. To
maximize knowledge retention, one has to review the material and be familiar with the
practice standards, and have a contributing environment that provides constant coherent
information.

Future Research
The intent of this study was to look into factors from multiple categories,
including demographic characteristics, hospital characteristics, unit characteristics, unit
culture, and learning characteristics. Due to multiple objective and subjective limitations,
only demographic, hospital and unit characteristics, and one single learning characteristic
were examined.
In order to filter out extraneous factors, the sample of this study includes only
those nurses who took all three tests. This approach does not allow evaluation of possible
unit culture influences. To investigate unit culture influence, the sample would need to
include nurses who took the follow-up test, but did not complete the online education.
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To investigate more learning characteristics besides “have reviewed module
before follow up test”, such as total amount of learning time and time span spent on
learning modules, requires tremendous amount of technologic and software support,
which are temporarily not accessible.
The review of previous research done for this study demonstrates that both the
unit culture and learning characteristics are associated with knowledge retention.
Therefore, these remain important and interesting factors for future research.
Of interest, a unique phenomenon of increased knowledge at follow-up has
appeared in Hong Kong Sanatorium and Hospital. It may worth exploration into local
hospital and culture to find out the underlying mechanism. One hypothesis is that nurses
in this hospital might have reviewed the modules very closely to an extent that they
learned it for a second time. But this requires further inquiry to confirm.
How knowledge retention translates into the quality of patient care and patient
outcomes related to ECG monitoring is not known yet. Factors associated with retention
of the quality of patient care and patient outcome, and their relationship to factors related
ECG monitoring knowledge retention is yet to be determined.

Implication for Practice
The aim of the PULSE study is to test an online ECG education intervention to
improve nursing knowledge, quality of care, and patient outcomes related to ECG
monitoring. To improve knowledge retention, it is suggested that individual nurses
review the educational course periodically. It is also suggested that unit or hospital
specific practice protocols coherent with the standards be implemented. Lastly, a
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refresher course or periodic ECG monitoring course to reinforce standard practice be
established.
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Appendix A: Individual Demographic Form

1. What is your age: ___years old.
2. What is your gender: Male/Female
3. What is your race/ethnicity?
White (non-Hispanic)
Black or African American (non-Hispanic)
Hispanic
Asian
American Indian or Alaskan Native
Native Hawaiian or Other Pacific Islander
Mixed or other, Specify: ________
4. What is your highest level of education?
Diploma
Associates Degree
Bachelors Degree
Masters Degree
Doctoral Degree
None of the above
5. What is your role at work?
RN
LPN/LVN
Monitor Technician
6. What type of unit do you primarily work in?
Coronary care unit or Cardiac ICU (primarily cardiac medical patients)
Cardiothoracic ICU (Primarily cardiac surgical patients)
Cardiac medical progressive care unit (telemetry/stepdown)
Cardiac surgical progressive care unit (telemetry/stepdown)
Mixed medical and surgical cardiac ICU
Mixed medical and surgical cardiac progressive care unit telemetry/stepdown
Mixed/general ICU
Mixed/general progressive care unit (telemetry/stepdown)
Universal beds
Cardiac short stay or post-procedure unit
Float pool
Other, Specify: ____
7. How long have you been a nurse (or monitor tech): ___ years
8. How long have you worked on a cardiac unit: ____ years
9. Type of hospital-based in-service education you have attended:
ECG rhythm interpretation
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12-lead ECG
ACLS
Critical care course
Telemetry course
10. What do you and others in your unit consider your level of expertise related to ECG
monitoring?
Clinical expert and recourse person
Above average knowledge
Average knowledge
Beginner, need to ask others for help
11. Are you familiar with the Practice Standards for ECG Monitoring in Hospital Settings?
Yes
No
12. Please indicate how you have used a computer: check all that apply
I spend time on the internet
I communicate with people via e-mail
I use a computer to work
I use a computer for leisure
I use a computer for studying
I have used a computer for training/education
13. Please indicate your level of comfort with computers:
Very comfortable
Somewhat comfortable
Not at all comfortable
14. Did you review the online PULSE modules any time since you originally completed the
online ECG monitoring education?
Yes
No
Not applicable, I have not participated in the PULSE Trial until now.
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Appendix B: Hospital Characteristics Form
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Appendix C: Unit Characteristics Form
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